Lecture #4 


Resource Management, Part 2 

- Assignment Operators 

Basic Linked Lists 

- Insertion, deletion, destruction, traversals, etc. 
Advanced Linked Lists 

- Tail Pointers 

- Doubly-linked Lists 

Appendix: For on-your-own study (optional) 
- Linked Lists with Dummy Nodes 


Tve FINALLY FouND 
TT... AFTER 15 YEARS ARY 


Writing 
documentation 


| THE SCROLL of 


TR! 


Assignment Operators... 
What's the big picture? 


Just as we need a special copy constructor function 
to create a new class variable from an existing 


joe 


void constructJoeFromjan() | void reassignJoeToJan() 


1 
PiNerd jan(5); PiNerd joe(3), jan(5); 


PiNerd joe(jan); > joe = jan; 


Pa 


We often need to create a special assignment 
function to correctly change an existing variable's 
value to another existing variable. It's called 


"^ BG ras a'a a Tic “aT INS VAT ABA NANAY LICA 


The Assignment Operator 


int main() 


i 
Circ x(1,2,3); 


int main() 


{ 


Circ foo(1,2,3); 
Circ bar(4,5,6); 


_bar = foo; 


Last time we learned how to construct 
a new variable using the value of an 
existing variable (via the copy 

constructor). 


Now let’s learn how to change the 
value of an existing variable to 
the value of another variable. 


In this example, both foo and bar 
have been constructed. 


Both have had their member 
variables initialized. 


Then we set bar equal to foo. 


The Assignment Operator 


In this case, the copy constructor is NOT used to copy 
values from foo to bar. 


Instead, a special member function called an 
assignment operator is 


Why isn't bar's 
copy constructor called? 


int main() Because bar was already 


{ 
— Circ foo(1,2,3): constructed on the line above! 


[irc bar(4,5,6); 


— bar = foo; 


} 


Let’s see how to define our 
own assignment operator. 


The bar variable already exists 
and is already initialized, so it 
doesn't make any sense to re- 
construct it! 


The syntax for an 
assignment operator is 
src.m x; 
src.m y; 


- src.m rad; a bit confusing. 
So let's define a simpler 
private; 


version first... 
x 1] m yl 2 | m rad 33 | 


Here's how we'd use 


When we're done, 


bar is a perfect clone 
Xx = src.m x; 

= Src.m y; T 
—m- rad - src.m rad; 


} 
private: | private: 
float m| mx[ 4 ]my| 5 | m rad| 6 | DT 
Y; ) >. se LMORQUablod f olo; 
1L 


$ar(4,5,6); 


The Assignment Operator 


class Circ 
i 
public: 
Circ(float x, float 


i 

nmx-2-x;my-y; 
X 
‘ae &operator= (const Circ § 


TH You MUST pass a reference to 
the source object. This 
means you have to have 

the & here!!! 


is operator= 


tion return 


m x = src.m x; 
" reference to 


m y = src.m y; 
m rad = src.m rad; 
return *this; 


VII explain this 
more in a bit... 


e function returns 
float GetArea() *this when it's done. 
{ 

return(3.14159*m rad*m rad); 
) 


private: 
float m x, m y, m rad; 


Another way to read: 
bar — foo; 
So, to summarize... IS: 


If you've defined an i.e., we're Salling bar's 
operator: function in a operator= Member 


class... 


C1 Then any time you use the 


i equal sign to set an 
existing variable equal to | 


another... 


C++ will call the pile 
operator- function of your |[*"-rad = src.m rad; 


a . eturn *this; 
target variable and pass in 
the source variable! 


The Assignment Operator 


class PiNerd 
{ 
public: 
PiNerd(int n) { 

m_n = n; 

m_pi = new int[n]; 

for (int j=0;j<n;j++) 

m_pi[j] = getPiDigit(j); 


~PiNerd(){delete []m_pi;} 
void show0ff() 


for (int j=0;j<n; j++) 
cout << m pi[j] << endl; 
} 
private: 
int *m pi, m n; 


}; 


Ok - so when would we 
ever need to write our own 
Assignment Operator? 


After all, C++ copies all of 
the fields for us 
automatically if we don't 
write our own! 


Well, remember our 
PiNerd class... 


Let's see what 
happens if we use the 
default assignment 
operator with it... 
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now both variables ann and 
ben 
point to the same array! 


At this point, the bu 
assignment operator 


That's gonna cause 
And even worse, when our 
function ends, we have a memory 
leak! 


for (int 
m pi[j] 


Our array at 900 was never freed! iE 


And C++ won't tell you about | 
icl 
— 


Whoops! W 
problem - we're about 


to forget where our Waid alr )4 
original array is located! , 

i, D = can't free it twice!!! fo 
private: ERROR!!!! 


int *m pi, m n; 


Yi 
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Assignment Operator 


Carey says: es, you ro donna 
"Patience, grasshopper!” lo; The right side 
requires three 
slots of 


ben | 
What does this 
mean?!?!? 
Free any memory currently 
held by the target variable 


[baril  ]00000800 


Determine how much memory 000804 
is used by the source variable 00000808 
(ann). 

Allocate the same amount of 00000900 
memory in the target variable. 000904 
Copy the contents of the | 4 |00000908 
source variable to the targeg ) 00000912 


variable. 
Return a reference to the bs- 


| r aa aa orem, qoem a Lae, 
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The Assignment Operator 


class PiNerd 


Finally, we'll add a statement 
so the function returns a 
reference to its object when 
it's done. 


= src.m Tail 
— return *this; 
=>] 


void showOff() 1 ... ) 


private: 
int *m pi, m n; 


o 


13 


i 
delete [] m pi; 
mn = src.m n; 


return *this; 


private: 
int *m pi, m n; 


IG 


Operating System, you 
can free the memory at 


OK, let's see if everything 
works properly now 
during destruction! 


// assignment operator: 
PiNerd Soperator=(const PiNerd &src) 


m pi = new int[m n]; 
for (int j=0;j<m_n; j++) 
m pi[j] = src.m _pi[j]; 


) 
void showOff() { ... 


"e ben(4); 


ben = ann; 


—#t ann's d'tor called, then ben's 


Ok, I'll free that for 
you. 


} 


. and everything 


cl sassy « wanted, we could do yet 


And this line returns the 
tim variable, so if we 

: Why do we have 

ha and of the 

So, to Sum up... 


another assianmep 


The assignment operator 
returns "*this" so that 


valiáble ca 


{ 
reset Soperator, ft the right hand side of the = 


boo... ..- u..-, 


the variable 


there’s always a variable on 


for the next assignment. 


SU , 
=> m ateBeangze src.m ateBeans; 


m age m ateBeans false 


}; sa [Tictass Gassy 
{ 


Gassy &operator- (const Gassy &src) bill 
i 


m age - src.m age; H 
m ateBeans - src.m ateBeans; 
return *this; 


) 
m age m ateBeans false 
bi 
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“Aliasing” is WA Here's a hint! 
different refere 


refer to the same variable IN O pe ra to r 


It can cause unintended oid f(PiNerd &x,PiNerd &y) 
o problems! 


— x = y;//really ann = ann; !!! 


cle i NG 


OS: Can you reserve 12 
bytes of memory for me? 


— delet 

Bus c 2900800 
—m pi = 176700294 
— for (int j=0;j<m_n;j++) 


m pi[j] = src.m pi[JL; 
return *this; 


} 


private: 
int *m pi, m n; 


un 


The Assignment Operator 
The fix: 


Is the same as the 


must check to see if 
itself, and if so, do 


If the right-hand 


i left-hand 
variable’s i ; 
variable's 
address... 
address... 


PiNerd 80 PiNerd &src) 
if (&src -- this) 

return *this; 
delete [] m pi; 
mn = src.m n; 
m pi - new int[m n]; 
for (int j=0;j<m_n;j++) 

m pi[j] = src.m pi[jl; 
return *this; 


/ do nothing 


variable! 


We simply return a reference 
to the variable and do nothing 


}; And we're done! 


Time for your favorite 


NI 


> D 
: FVOqvammin 


lang "age uy Ventoy 


> Serial k illey 
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Linked Lists 


IMADER LINKED LIST THAT 
BPS WORKS, p 


! hi 
S0 | GUESS YOU COULDSAY | KNOW 
EVERYTHING ABOUT POINTERS, | 


Linked Lists 
What's the big picture? 


An array stores items by “apple” 000 


reserving a fixed-size, “banana” 1020 
Ja ze elus "carrot" pete 


contiguous block of “daikon” MEAN 
memory up-front. eggplantfifepfo 


A linked list reserves a new 
memory block for each item 
as it's added, and links 
blocks together with 


pointers. 
It can hold a variable 


number of items, which you 
access by following the 


Arrays are great... But... 


int main() 
Arrays are great when you need L 
to store a fixed number of items... int array[100]; 
} 
But what if you don’t know how 
many items you'll have ahead o lu Justino 
Then you aval ees a int numitems, “ptr, 
Still requires us 


slots for the largest p cin 55 numltems; 


ptr = new int[numltems]; 


to know the size 


Even new/delete donl 3head of time! 


array? 
We have to move every item below EA 
the insertion spot down by one! ien 


And it's just as slow if we want names[999998] \, new 
to delete an item! Yuck! names[999999]| XS" mt 


So Arrays Aren't Always Great 


we think of an 


MEN apwwScthiy eártlaatze 
al life" that 


gerere tems 
ixed-sized i S 
QV item 
ng the items as P 
we enger Hunt? 


Clue: 


The first item 
is by the tree 


. 
"n 
"ean 
LET 
"""uuuuumuuanuuunm 


Clue: 


The next item 
is by the 


E The next item |. 
4 is by the 


Clue: 


This is the 
last item! 


PLI 
PONE  QUÓU LIII l AÀZZIII el 
my 
RIOT CC a ee Sco T E E L a 
MWORiweee ce cele HAHAHAHAH HK Hr rr”... 
PALALO PAPA" Ta 


A C Scavenger Hunt? 


Ok, so in our Scavenger Hunt, we 
had: 
A clue that leads us to our 
first treasure chest. 


Clue: 
Each chest then holds an een h 
item (e.g., bananas) anda => =T] ; 


clue that leads us to the 
next chest. 
So here's the question... can we 
simulate a Scavenger Hunt with 
a C++ data structure? 


Clue: 


The next item | > 
is by the ; 


Why not? Let's see how. 


he next item is} ~ * 
hw tha tawar ` 


A C+ Scavenger Hunt? 


Well, we can use a C++ struct 
to represent a Chest. 


struct Chest 


string treasure; 


As we know, each Chest Chest * nextChest; 
holds two things: }; 


A treasure - let's use a string variable 
to hold our treasure, e.g., “plunger”. 


The location of the next chest - let's 


represent that with a pointer variable. to a 


We can now define a Chest variable 
for each of the items in our scavenger 
hunt! 


A C Scavenger Hunt? 


| L> | 
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A C++ Scavenger Hunt? 
struct Chest 
string treasure; 


Chest * nextChest; 
}; 


Linked Lists 


Normally, we don't use local 
variables to create 


Instead we use ( 


allocated variá "Hey O 


allocate 20 bytes for 


struct Chest 
i 


string treasure; 
Chest * nextChest; 


5, Can you st, “second, “third: 
^w Chest; 

> d = new Chest; 
third = new Chest; 


OS: “Sure - l've reserved 
some memory for you at 
location 3700." 


struct Chest 
{ 


The pointer to the top 
item in the linked list is 
traditiona alled the 


Given just the head 
pointer, you can react 
every element in t 


liat 


string treasure; 
Chest * nextChest; 


ue, indicates 
d AS i in the 


When we encounter a 
nextChest pointer 
whose value is nullptr, 
this indicates we're at 
the end. 


Linked Lists 


Ok, it's time to start using the 
right Computer Science terms. 


Instead of calling them 
"chests", let's call each item in 
the linked list a "Node". 


And instead of calling the 
value held in a node 
treasure, let's call it "value". 


And, instead of calling the linking 
pointer nextChest, let's call it 
"next". 


Finally, there's no reason a Node 
only needs to hold a single value! 


struct Node // student node 


{ 


int studentID; 
string name; 

int phoneNumber; 
float gpa; 


Node *next; 


}; 


Head = IEW INUUCS, 
second = new Node; 
third = new Node; 


head->value = "toast": 
head->next = second; 


second->value = "bacon": 
second->next = third; 


third->value = "eggs"; 
third->next = nullptr; 


delete head; 
delete second; 
delete third; 


it kills what the 
pointer points to! 


Note: The delete 
command doesn't kill 


the pointer... T 


To allocate new nodes: 
next di 


—Node *p = new Node; To link | 


—Node *q - new Node; 
To change/access a node p's value: 


—p--value =~“ phai”; 
-eout << p->value; 


To make node p link to another 
node that's at address q: 


—p->next = q; To free your nodes: 


To get the address of the node after p: Biag i 
Node “tr = p-5 next 


To make node q a “terminal” node: 
-—6]--next -nuuilibtr; 


struct Node 


{ 


Linked Lists 


Normally, we don’t create our 
linked list all at once in a single 
function. 


After all, some I| we normall 
millions of items! Jon't create 


string value; 
Node * next; 


, 


int main() 


Node *head, *second, *third; 
head = new Node; 

second = new Node; 

third = new Node; 


Instead, we crea ; 
class (an ADT) to hold our li 
list... 

And then add a bunch of 
member functions to add new 
items (one at a time), process 

the items, delete items, etc. 


head->value = "toast": 
head->next = second; 


second->value = "bacon": 
second->next = third; 


third->value = "eggs"; 
third->next = nullptr; 


OK, so let’s see our new class. 


delete head; 
delete second; 
delete third; 


truct Node 


{ 


string value; 
class LinkedList 
{ 


First, let’s shrink our Node 
definition font a bit to make 
room for our new class! 


y 
we need is a head pointer. public: 


Why? Given just the head pointer, we 
can follow the links to every node in the 


list. 
And since we can find all the nodes, we 
can also link in new ones, delete them, 


Node “head:b 
ie 


struct Node 


A Linked List Class! cpm 


Node “next: 


Alright, now what methods should our class LinkedList 
linked list class have? { 
public: 
We need a constructor to LinkedList() 1 ... } 
create an empty list... void addToFront(string v) 1 ... 
And methods to add new items... void addToRear(string v) { ... 
And a method to delete items... void deleteltem(string v) 1 ... 
n bool findltem(string v) 1 ... } 


an item is in the list... void printltems() 1 ... } 


~LinkedList() { ... } 
And a method to print all the items... 


And finally, we need a destructor 
to free all of our nodes! 


Let's consider these one at a time! 


private: 
Node “thead: 
}; 
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Linked List Constructor 


OK, so what should our constructor do? 


Well, we'll want it to create an "empty" 
linked list - one with no items. 


But how do we create an empty list? 


Well, earlier | Showed you how we 
marked the last node in a linked list... 


We set its next value to nullptr. 


struct Node 


string value: 
Node “next; 


class LinkedList 
{ 
public: 


LinkedList() 
{ 


35 struct Node 


Linked List Constructor] ~ strina value: 


Node *next: 


So, following this logic... class LinkedList 


{ 
We can create an empty linked list by public: 
setting our head pointer to nullptr! LinkedList() 


OK, next let's learn how to t 
print the items in our list! head = nullptr; 


value "eggs"] 3720 DING GN P 
next[nullptr ` CoS ae 
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struct Node 


Printing the Items in a Linked List string value; 


Node *next: 
So let's assume we've used our class to 
create a linked list and add some 


{ 

How do we g6'about public: 
printing the items in the list? LinkedList() { ... } 
void addToFront(string v) 1 ... 
void addToRear(string v) 1 ... ) 
void deleteltem(string v) 1 ... 
bool findltem(string v) 1 ... } 
void printltems() 1 ... ) 
~LinkedList() { ... } 


class LinkedList 


valud"toast"]| 2000 
Bede next [1200] 


valuaggal2700 | Private: 
next[ nullpt] xus *head; 
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struct Node 


Printing the Items in a Linked List | € srring value: 


Node ^"ne»t: 
So let's assume we've used our class to 
create a linked list and add some class LinkedList 


{ 

How do we g6'about public: 
printing the items in the list? —LinkedList() { ... } 
Void addToFront(string v) 1 ... 
void addToRear(string v) 1 ... ) 
void deleteltem(string v) 1 ... 
bool findltem(string v) 1 ... } 


void printltems() 1 ... ) 
~LinkedList() 1 ... ) 


valud"toast"|| 2000 
head 2000 Eun 
next| 1200 | 


valuaggal2700 | Private: 
next[ nullpt] xus *head; 
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Printing the Ite 


But what kind of 
variable should we 


First of all, we don't 
even know how many 
items our list has... 


If we want to loop through 


valud"toast"|| 2006 
head[ 008 ioa. 
next| 1200 | 


valud'bacon]|1200 
p EN next| 3700 


valud"eggs! 3700 
next| nullpti 


And second, our nodes are 
scattered randomly 
throughout memory! 


We need to find them one 
at a time to print them. 
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Printing the Items in a Linked List 


Alright, let's trace 
through our loop! 


struct Node 


string value: 


And finally, how do we 
advance p so it points to 
he next node in the list? 


Be careful! 
You can't use p++ to move 
forward in a linked list! 


You must use the next 


valud'toast"] 
head 2000 CEATA 


value'bacon]|1200 
next| 37001 


valud'eggs! 3700 
next| nullpti 


Well, each node holds 
the location of the 
following node in its 
next variable. 


When we use the condition: 


Printing the Items in a Linked List 


while (p !2 nullptr) 1... } 


the loop will process EVERY 
node in the list and only stop 
once it's gone PAST the end of 


And there's our complete printing loop! 


So this answers our question! 


If p's value is nullptr, it does NOT 
point to a valid node. Otherwise it 


Ré << p->value << 
ON - p->next; 


} 
head 


Pre valud'aggs! 
Le X next | mulli 
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struct Node 


Adding an Item to a Linked List 


string value: 
Node “next: 


3 
class LinkedList 
Well, first we have to allocate [ 
a new node to mes our news) public: 


E Second, we need to put the 
O 


new oid addToFront(string v) 4 ... 
node 


Allocate a new 


} 


And finally let’s |i ut value v in the node 


head pointer to o 


ink the new node to the 


42 struct Node 


Adding = TT z = E SUE string value: 
Next, we want to link our new A Node “next: 
node to the current top node in ! : 
Orne class LinkedList 


Finally, we just update our head 


| yautsi so it holds the address of 
YOU Cab GF Aew tod Aah A100 E 


i 
| SEE, QUE I | public: 


PAS z 7 void addToFront(string v) 
OK, now we just place item v Y 


(e.g., "OJ") into our new node. JZ odatépa new node 
That's easy! <—>p = new Node; 


MA ME ot>vahleevsnvthé made in 


pointer and use the new nade, 
command to allocate our new poses V-EN A to the 
d top node 
Mak dhe bead pointer to 
Toyi new top node 


L^ 


Fortunately, the 
head variable holds 
the address of the 
current top node! 


private: 


next| nullptr Node *head; 


, 
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Adding an Item to the Front 


OK, but will this same algorithm 
work if the Linked List is empty? 


Let's see! 


Pretty cool - the same algorithm 
works whether the list is empty or 
not! 


node to the rear of a istT 


value "egas" 3700 
next| nullpt 


struct Node 


string value: 
Node “next: 


class LinkedList 


( 
public: 
void addToFront(string v) 


—>Node *p; 
—p = new Node; 


—>p->value = v; // put v in 


node 
—»p--next Head; 


—>head = p; 


private: 
Node *head; 
}; 


44 struct Node 


Adding an Item to the Rear string value: 


Node *next: 


Alright, next let’s look at how to class LinkedList 
append an item at the end of a list... { 
There are actually two cases to gusle: l 
, Void addToFront(string v) 1 ... 
The existin ! void addToRear(string v) { ... 


head void deleteltem(string v) 1 ... 
bool findltem(string v) { ... } 


void printltems() 1 ... ) 


The existi ~LinkedList() { ... ) 


head 


next [nullptr 


Node *head; 
Ip 
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struct Node 


string value; 


Well, as we learned, in an empty 
linked list, the head has a value of 


Hf (den linkedristris Empty the 
sel hr add TO Fr etg ydóde 


And this one is easy, we just 
call our addToFront() function! 


So how 6 
end of an empty linked list? 


In fact, it's the same as adding a new 


node to the front of an empty linked 
li BA i 


Which we iE 


After all, in I$ 
node right ag. 


struct Node 


Adding an Item to the Rear 


string value; 
Node “next: 


class LinkedList 


{ 

public: 
le addToRear(string v) 
if (head == nullptr) 


addToFront(v); // easy!!! 
else 
i 


We have to traverse 
down the links until we 
tute the ug last 


Use a temp variable to 
traverse to the current 
last node of the list 


new node 


v in the node 
urrent last node 


Well, in order to add 
a new node here... 


Finally, we set our 
node’ s next 
ñ ér'to nullptr. 


aluel "eggs'"] 3200 
next [nunti 
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Adding an Item to the Rear 


struct Node 


string value: 
Node =“=next; 


I | 
OK, let's see the C++ code now! das E ers ES 


But the next 
pointer in the 
earlier nodes 


So we want to keep looping 
while p->next is not nullptr. 


The moment p->next is 
nullptr, p points at the last 


Well, as in our printltems() 
method, we'll use a temp 
variable to follow the links, 
starting at the head node. 


Nsda temp Áble to 
—»pravBeadtd/i /értatrkagtnodi 
wWáslenp-- next !- nullptr ) 
p = p-»next; 


Well, here's a hint: 


Notice that the next pointer 
in the last node is nullptr. 


48 struct Node 


Adding an Item to the Rear string value: 


Node *next: 


i | 
OK, let's see the C++ code now! Ia SISSE 


Alright, let's finish up our function! 


Again, p-5 next is 
not yet nullptr! 


OK, let's seg 


And notice that p 
points directly at our 
last node! 
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Adding an Item to the Rear 


, | 
OK, let's see the C++ code now! EE TUORUM 


while (p->next != nullptr) 
t 


the loop continues until p points 
at the very last node of the list. 


Alright, let's finish up our function! 


while(p-3 next != nullptr ) 
p = p->next; 


[First ORE ting Neró world". | 
'Doyouwanttoendup W [Then it's W tipo CUI analysis! 
a web designer like your sis tanem yo 


3 


` A Seay 


m, | was just [80king that up Watc ing you Ha 
friends" - 


] 


pu 


K th i k 
n OW e r IS S Wl Authorized by the Centre for computer science prevention 


“Not at the top, not at the bottom... 


In some cases, we won't Well, what if we have to maintain an 
always want to just add alphabetized linked list, or we want to allow 
our node to the top or the user to pick the spot to put each item? 

bottom of the list... In these cases, we can't just add new items 
Why? at the top or bottom... 
Here's the basic algorithm: 


void Addltem(string newltem) Da 
( 
if (our list is totally empty) 
Just use our addToFront() method to add the new node | value*bat’ 600 
next hullptr 


“Not at the top, not at the bottom... 


bat belongs here 
above cat, `” 


In this case, our addToFront() 
algorithm will add the node to the 
right spot in the list as well! 


if (our list is totally e value “rat” 800 
Just use our addTo ethod to add the new node next hullpt 


else if (our new node L/zrongs at the very top of the list) 
Just use our addToFront() method to add the new node 


D 


“Not at the top, 


Second we link our above 
node to our new node. 


First we link our new node 
to the node after it. N 


Ew value ‘doo 1400 
|^ '600 


fly belongs here, 
between dog and 


directly above where we want 
add our new node, we can.. 


Are in the middle of the 


4 the node just ABOVE 
our new item 


[L^ 
else // new node belongs value" rat" 800 


next nullptr 


lis 
( Use a traversal loop ty 
where you want to in 


Allocate and fill our new node with the item 


Link the new node into the list right after the ABOVE 
node 


| [^ This one is easy... We a 
e the same thing in our At 


pi1400 


to the address of 
our new node. 


atest 600 


This one's easy - 
already learned how to 


value" rat" 800 


next nullptr 


Second, we want to link the 
node above our insertion 
point to our new node 


These two 
CORRS dT Wenn hear rartbo Ben be lines must be 
link st ght afte to our new node in this order! 


55 struct Node 


Deleting an Item in a Linked List] ^ string value: 


Node “next: 


When deleting an item from a linked list, | class LinkedList 
there are two different cases to consider: | t . 
C #1: You're deleting the first public: 
a Mab LinkedList() { ... } 
#2: You're deleting an interior od addToFront(string v)  ... 


node or the last node. void addToRear(string v) 1 ... 


Let's consider Case #1 first... void deleteltem(string V) 1 P 
bool findltem(string v) { ... } 


| 
headLood void printltems() ... } 
~LinkedList() { ... } 
We want to «car 1000 
delete the i value T 
in the fir next pe 
We want to delete 1400 
the item in an value"dog 
interior node... next — 
value "rat" 800 
next hullptr 


or the last node. 


56 struct Node 


Deleting an Item in a Linked List] ^ string value: 


Node ^"neort: 


ed to make 


ose, nug Wee class LinkedList 


( 
public: 
void deleteltem(string v) 


Next we need to check if the 
first node holds the item we 


want to remove. l 
If the list's empty then return 
If the first node holds the 


— item we wish to delete then 


headhullpte 1 
killMe = address of top node 


Update head to point to the 
second node in the list 


Delete our target node 


Finally, let's return once 
we're done! 


kiliMe| | 
/ 


Return - we're done 


Now we delete our 
target node... 


using our killMe 


ooo EB? TI 


located. 
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struct Node 


string value: 
Node “next: 


Deleting an Item in a Linked List 


OK, let's see the C++ code now! class LinkedLi 


{ 
Now we can easily delete our public: 


target node! void deleteltem(string v) 
NIIT" f( trea ist s-em pbyrühreriueturn 
/ 7-. Nfthe first node holds the 
—- We a tem, IN =f (ibeaniwewiab te-delete the 


tinto X value tgo: 
IIR drum x N Kime ««iBiridressofitop node 


N endate MRAR to paint to the 
second node in the 


pointer so it poin 
second node. 


killMe 
Ist 


ailliiVtarget node 
we're done 


Finally, let's add our return 
statement. 


struct Node 


Deleting an Item in a Linked List] * string value: 


Alright, let's consider Case £2 next - 


Node “next: 


class LinkedList 


unfortunately it's more complex... { 


Let’s kill our “rat” 


C Yl CX wh 


node... 


SO, We 
DOV 


so we can relink 


around our target 


Finally, let's ae ge 


our target node! 


can proceed! 


node! 


[/ 


a aorithm? 
Next we need to check if 
we even found our target 


public: “rat” 
void deleteltem(string v) 


——- ... // the code we just wrote 


Ok, now let's relink our node 


next N40 First we need to traverse 
D : down the list... 
value"dog 140040 until we find the node 
next "y above the one we want to 
QQ = OUEE GCHLEGVE LO 
value frat” QUU de TIOUC DCIOVV 
next 13000 Deletókounrota let tsrwdeate 
another temp pointer to 
remember where our target 
name' yak" 3000 hode i 
next hullptr }; 


Deleting an Item in a Linked List 


p will start by pointing at 


our head node... 
OK, let's see the C++ code now! 
p-5 next is not nullptr, so 


there is a valid node 


As before, let's use one of our 


traversal loops. p->next->value is "rat" 


this is equal to our target 
value of Ro So we 


If so, then p points to the Ti Ca 
node above our target... dq» 
and we break out of our 


s 


head1000 


MESE v p pts to node abovę 


a= p 


If there is a node following 
p... 


then we check to see if that 
next node holds our to-be- 
deleted value. 


next | 3000 


name! yak” 3000 
next nullptr 


+ Node 


If we traversed all the way ng value: 
through the list and didn't find our He “next: 


Meee LinkedList 


Deleting an 


OK, let’s see 


l then p will be equal to nullptr. 
And believe it or not, this same coo | 


works when the target node is the 
lagueit NEW Gn bur target 


value, then p will point to the 
node above it, and NOT be 


44 n 


rat 
id deleteltem(string v) 


ead; 


Let's remember where our 
target node is located 
using a temporary 

DOITILC 


Now we want to link the 
node above the target... 


head100l 
p 


Note: The tar? 
p is not 


Finally, we can use the 
delete command to free 
our node... 


next "8007 


«iff (we! found! tar targetmdder valud 
“Wile kd ddeottargen estie 


nullptr Neate ses AIRRo Ye, ta t 
n Pen dt value "rat" 800 e node Tib s 
foU RR ag 000 Heleteedurlfdeget node 


That address can be 
found in killMe- 


pe to the node below 
value’ yak” 3000 i the target. 


, 


á Linked List 
Challenge 


Now it's your turn! 


How would you write the 
findltem() method? 


It should return true If it 
can find the passed-in 
item, and false otherwise. 


struct Node 
t 


string value; 
Node “next: 


class LinkedList 


{ 

public: 
LinkedList() { ... } 
Void addToFront(string v) 1 ... 
void addToRear(string v) 1 ... ) 
void deleteltem(string v) 1 ... 
bool findltem(string v) 1 ... ) 
void printltems() 1 ... ) 
~LinkedList() { ... } 


private: 
Node *head; 


} 
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Destructing a Linked List 


OK, so how do we completely destruct 
a linked list once we're done with it? 


Well, perhaps we can use something 
like our existing printltems() code? 


Let's see what happens! 


head1000 


000 


400 


800 


struct Node 


string value: 
Node “next: 


class LinkedList 


{ 

public: 
LinkedList() { ... } 
Void addToFront(string v) 1 ... 
void addToRear(string v) 1 ... ) 
void deleteltem(string v) 1 ... 
bool findltem(strina v) £ ... } 
voic delete p; 
~LinkedList() { ... } 


} 


private: 
Node *head; 
je 


struct Node 


RA Linked List string value: 


Node **next: 


ve completely destruct class LinkedList 
ce we're done with it? { 
public: 
Well, perhaps we can use something —LinkedLi| ^ Houston... We 


like our existing printltems() code? { have a problem! 
—>Node *( 


et’s see what happens! —>p = head; 
—> while (p ! 


head1000 
— p = p->next; 
} 
} 


123456 There is no p->next 
anymore! 


In fact, there could “dog 
That memory is no 

be totally different next "800 TRAN Mi: Ha 

data here now! g ; 


Md at" 


value “r private: 
next hullptr 


Node “head: 
}; 
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Destructing a Linked List 


OK, let's fix it. 


Finally, we can now 
advance our p pointer 
to the next node by 

using our temp 


Let's save the 
location of the next 
node in a temporary 
variable! 


value "rat" 800 
next nullptr 


struct Node 


string value: 
Node ^"neor: 


class LinkedList 


{ 
public: 
ae List() 


Node *p; 
p = head; 
—»while (p != nullptr) 


—Node “tn = p->next; 
—>delete p; 


E 


private: 
Node *head; 


, 


Linked Lists Aren't Perfect! 


As you can already tell, linked lists aren t perfect 
either! EM UM 
First of all, they're much more ; 
complex than arrays!!! 


[2 


Second, to access the kt^ item, | 
have to traverse down k-1 times 
from the head first! No instant 

access!!! 


And to add an item at the end of 
the list... | have to traverse 
through all N existing nodes 

first! 


Well, as it turns out, we can fix this last problem... Let's see how! 


Linked Lists and Tail Pointers 


Since we have a head pointer... head pali 


intai Ta tail 
Why not maintain a "tail" pointer too? a!! BNG 


A tail pointer is a pointer that always 


; auen LOOO 
points to the last node of the list! value. cat 
next 1400 
class LinkedList value emy} 400 
' bli next | 800 
public: 


LinkedList() {...} 
void addToFront(string v) {...} 


value"lemur?00 


next nullptir 
private: 
Node *head; Using the tail pointer, we can 
Node *tail; add new items to the end of 
lr; 


our list without traversing! 


67 
.g., don't forget t 
Adding an Item to the Rear] (| dasma 
With a Tail Pointer —— deleteltem(), etc.. 


variable that ent at ast 
node! 


Let's update the tail pointer 
with the address of the new 
last node in the list. 


But we do have our tail variable, 
it points vode 

| N S pa 

So is that it??? ead; // start at top nod} 

Are we done??? p-5 next != nullptr) 
p-5 next, 

Node *n = new Node; 

n-5 value = v; 

tail->next = n; 

n->next = nullptr; 

tail = n; 


; GUUGUIUIIUIIL|/] 


valud "Ol" | 
next| 2200 


ON 
O UJ 


So let's just replace 
"p" with "tail"! 


Doubly-linked Lists 


One of the downsides with our simple linked list is that 
we can only travel in one direction... down! 


Given a pointer to a node, | can only find nodes below it! 


Wouldn't it be nice if we could 


head 
move both directions in a linked 
list? 8000 


We can! With a doubly-linked 
list! 

A doubly-linked list 
and previous pointers 


Except the top node's 
prev pointer... value["bacon'] 


It has a value of 
struct Node nullptr, indicating that 
{ | there are no nodes 
string va i 
Node * 
Node * 
" Each prev pointer points 


to the node above... 


Doubly-linked Lists 


And, if | like, | can have a tail pointer too! 


Now I can traverse in both directions! 


Node *p; ode *p; 
head 
p = head; xnl [8000] 
while (p !2 nullptr) hile (p != nullptr) 
1 tal 
cout << p->value; cout << p->value; [3700 


p = p->next; p = p->prev; 


} 


Of course, now we're going to have to 
link up lots of additional pointers... 


But nothing comes free in life! [] 
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Doubly-linked Lists: What Changes? 


Every time we insert a new node or delete an existing 
node, we must update three sets of pointers: 


+. The new node's next and previous pointers. 
2. The previous node's next pointer. 
3, The following node's previous pointer. 


Head Ptr 


e——— 


pnsert here! 
a. j Data Myk 
Next tL e> Next nullptr 


Prev nullptr 


Previous Following 
Node Node 


And of course, we 
still have special 
cases If we insert 
or delete nodes at 
the top or the 
bottom of the list. 


Linked List Cheat Sheet struct Node 
{ 
Given a pointer to a node: Node string value; 


Node *next; 
Node *prev; 


*ptr; 
NEVER access a node's dita until validating its pointer: 
if (ptr !2 nullptr) 
cout xx ptr-5 value: 


[/ 


Notice that this 
check: 


To advance ptr to the next node/ 
if (ptr != nullptr) 
ptr = ptr-5 next, 


versal meet this 
Airement? 


To see if ptr points to the last node in a list: xr = head; 


if (ptr !- nullptr && ptr->next == nullptr) while (ptr != nullptr) 
then-ptr-points-to-last-node; { 


cout << ptr->value; 
ptr = ptr->next; 


Ensures that ptr points to a valid 
node... 


o check if a pointer points to 
the first node in a list: 
TEXT TEO ETE. if (otr == head) 
cout << head->value; cout << “ptr is first node”; 


To check if a list is empty: 
if (head == nullptr) 
cout << “List is empty”; 


before we access its “value” 


Linked Lists vs. Arrays 


Which is Faster? V 
Getting to the 753"! item in a linke 
list or an array? 


Which is Faster? 
Inserting a new item at the front of e 
linked list or at the front of an array? 


Which is faster? 
Removing an item from the middle 
of a linked list or the middle of an 

array? 


Which is easier to program? 
Which data structure will take 
less time to program and debug? 


Class Challenge 


Write a function called insert that accepts two NODE 
pointers as arguments: 


b4node: points to a node in a doubly-linked list 
newnode: points to a new node you want to 
insert 


When your function is called, it should insert 
newnode after b4node in the list, properly linking all 


newnode 
nodes. | 
Data Dave 
(You may assume that a valid node follows b4node prior to p 
struct NODE 
{ HEAD PTR b4node / i 
: | | DATA[ Bill | DATA [Carey] DATA[ Im | 
NODE *next, : 


*prev; 


a INS 


exists 


Appendix: On Your Own 
Study 


* Linked Lists with Dummy Nodes! 


NG 
c 


etas g 


= gh Th T gd 


S 


struct Node 
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Linked Lists with a Dummy Node 


string value: 
Node “next: 


So far, every linked list we've seen 


has had a head pointer. Casa LinkedList 


But as we've seen this causes public: l 
complications... LinkedList() { ... } 
void addToFront(string v) 1 ... 
We can simplify things by replacing void addToRear(string v) { ... 
our header pointer with a dummy void deleteltem(string v) { ... 


node! bool findltem(string v) ( ... } 
void printltems() 1 ... ) 


~LinkedList() 1 ... } 


'fferent uec to 
at the to 


struct Node 
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Linked Lists with a Dummy Node 


string value; 
Node “next: 


Step #1: l 
Get rid of your head pointer! das: LinkedList 
Step #2: public: 
Add a node member variable LinkedList() 1 ... } 
to your class. Ca void addToFront(string v)  ... 


void addToRear(string v) { ... 
void deleteltem(string v) 1 ... 
bool findltem(string v) 1 ... ) 


Jummy void printltems() { ... } 
value ~LinkedList() { ... } 
next 


struct Node 
t 
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Linked Lists with a Dummy Node 


string value: 
Node “next; 


Step #1: l l 
Get rid of your head pointer! < LinkedList 

Step #2: public: 
Add a node member variable LinkedList() 
to your class. Call it dummy. { 

Step #3: Initialize node's value 

Update your member } 
functions to use the dummy 
node. 


(Generally, this involves removing 
code that deals with the head 
pointer from your member 
functions!) 


private: 
Node dummy; 


struct Node 
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Linked Lists with a Dummy Node 


string value: 
Node “next: 


Step #1: l 
Get rid of your head pointer! < LinkedList 

Step #2: public: 
Add a node member variable void deleteltem(string v) 
to your class. Call it dummy. 

Step #3: 


Update your member 
functions to use the dummy 


node. 
(Generally, this involves removing Find the node above the on 
code that deals with the head you want to delete 
pointer from your member Relink above node to the nq 
functions!) 


below the to-delete node 


Delete the target node 


} 
private: 
Node dummy; 


struct Node 


79 
Linked Lists with a Dummy Node 


string value: 
Node “next: 


Step #1: l 
Get rid of your head pointer! < LinkedList 

Step #2: public: 
Add a node member variable void addToRear(string v) 
to your class. Call it dummy. 

Step #3: 


Update your member 
functions to use the dummy 


node. 
(Generally, this involves removing Loop to find the last node L 
code that deals with the head Allocate a new node 
pointer from your member Idalze Ue Rew Nore 
functions!) Update L's next pointer 
Why does this work? to point to the new node 
Since every node in your list is } 


GUARANTEED to have a parent node 
(either the dummy or another valid node), | private: 
it lets you treat every node the same way | Node dummy; 
and eliminate special-case code for . 


